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ABSTRACT

~ Intze tank is an important overhead water storage tank, there for it is
necessary that it should be constructed keeping in view its economy. To obtain |
economical design of fank, the proportion of vcon"taine-r such as, staging container
diameter ratio, height of eylindrical wall container diameter ratio and horizontal angle of
dome have been varied as well as no of | column for design of staging .To achieve this
'objective 6 different capacity of intze tank ranging between 300 KL and 1500 KL has
been investigated. For this purpose a computer program in Microsoft excel has been
developed In Microsoft excel prograxh continuity correction have been work out .The
desién of container is carried out by working stress method but staging is carried out by
using limit state method. | .
To get the economical design of intze tank horizontal angle of conical ‘dome
should be less than 45° ratio of height of cylindrical wall and container diameter ratio
should be between 0.3 and 0.35.0n the other hand staging container diameter ratio effects
the economy of higher capacity of tank only .As the capacity of tank decreases less than
750 KL its effect diminishes. It is also found that the cost of staging depend upon the

number of column.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL , -
Water is an essential part of life of all living beings. Besides drinking and other

day to-déy purposes it is also required for fire fighting; industrial and commercial use.
The supply of potable water is on of the top priérities of the government to ensure health
of its urban and rural population. To ensure continuous supply. of water at specified
: préssures_ overhead reservoirs are necessary. Intze tank cost ten to twenty percent of the
overall cost of the water supply scheme of a town which is qﬁite a substantial amount.
Therefore; any saving in the design of Intze tank would lead to economy in the water
supply scheme. Investigations are also required to find out safe énd economic design émd
constructional prociedures so that scarce constructional materials are used to the optimum
* limit.

* Intze tank consist of a container at the top, supported on a staging to transfer the
load of the container to the foundation. Container consists of ‘a domical roof, cylindrical
vertical wall, a conical dome and a bottom dome. The staging consists of a frame work of
columns and braces or a thin circular shaft. Generally a column-brace system is preferred

as staging for Intze tank.
1.2 LITRATURE REVIEW

Elevated water tank are important civil structures, a lot of work has been done on
the methods of analysis and design. Many attempts have been made by research workers

to optimize the various parameters to obtain economical designs.

. Most of the wqu available on intze tank in existing literature is on the tank where
containers supported on column staging. The earlier formulation for analysis and design

of Intze tanks based on the membrane and continuity analysis was done by Arya[1]. .

A computer programmed ‘based on the above analysis of the container was developed by

Jain and Singh [2]. A more accurate and tedious analysis has been done using the Finite



Eleméht Method [31. Work has also been done on Intze tanks supported on circular shafts -
and various optimal proportions have been recommended by Rao [4, 5]. Sharma [6] has
proposed various parameters for Intze tanks stating the percentage share of each member
in the total cost of the coﬁtainer. It hés been reported that 70% t080% of the cost of the

container is due to the cylindrical wall and the conical dome.

Damle and other [7, 8] have tried another shape of an intze tank in which.the
cylindrical wall has been replaced by a number of segmental cylindrical shells in petal
shape. A number of models of circular ground reservoir have béen tested and reported to
be structurally safé and feasible, It has also been reported that only replacement of
vertical wall could yield 20% saving in cost of container .It is further stated that there is
potential of 50% reduction in the cost of the container if the conical dome is also

modified to a shape cbns_.isti'ng of a number of inclined conical conoids.

Singh .[9] has analyzed column and bracing staging by stiffness matrix method
and compared the results .with ._the tube analogy method applied by Jai Krishna and Jain
[11]. Jain and Singh [10] have shown that the tube analogy method gives reasonably
>accurate design forces apart from being simpler. Rao[12] and Kundoo[13] have also.-
given formulation for analysis of supporting towers acted upon by horizontal forces.
Avadesh Kumar [14] has also analyzed R.C.C over head reservoirs and proposed a

computer program.
1.3 OBJECT OF STUDY

To judge fhé correct combination of height and diameter of the vertical
cylindrical wall, conical wall and horizontal angle of conical dome is based on eéconomy.
~ There for we try to obtained suitéble parameters by which design should be economical
- for different capacity of ihtze tank. During design'continuity correction have been done at
joi.nts. As far as consideration of continuity effects at joints,we know that the solution
.obtained by membrane theory failed to satisfy continuity of displacement at the junction.
We have apply edge loads, consisting of shears and bending moments, in order to corfect
the discrepancies between the membrane displacements. For that we use bending theory
for shell of revolution. For siniplicity we assurhe that the meridian of the dome and

cylinder meet at a common point without any eccentricity. For solving éontinuity



problem an Excel program has been developed. Apart from container, the design of the

stagihg is also taken up for the study in this dissertation work.

1.4 SCOPE AND OUTLINE OF STUDY

To get the optimlim values of® the various parameters of the container and the

staging, the parameters were varied as listed in Table 1.1.

This dissertation is divided into 6 chapters. Chapter 1 introduces the problem and
in chapters 2, 3 and 4 the analysis and design of the container and staging is covered. In
chaptér 3 an excel sheet has been developed to over come continuity effect and to

calculate redundant forces as well as design the container and staging of capacity

1000 KL. In chapters 5 and 6 the results have been discussed and relevant conclusions

~ have been reported.
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Table 1.1 variations of parameters

S.No Name of parameter Value of parameter No. of
values of
each
parameter
1. Basic parameter
i Capacity(V) of container | 300,500,750,1000,1250,1500, 6
in KL _ ‘
ii. | Lateral forces 1
a) Wind Zones Zone 2
2 Geometrical parameter 7
1. Height diameter ratio, A, 0.20,0.25,0.30,0.35,0.4,0.45,and | 7
10.5
ii. Staging-container 0.5,0.55,0.6,0.65 and 0.7,and 6
diameter ratio A, 0.75 _
iii. Horizontal angle of cone | 35°,40°.45°,50°,55",60" 6
q :
iv. Height of staging 15m,18m,21m 3
V. Number of panels Minimum




CHAPTER 2
ANALYSIS AND DESIGN OF CONTAINER

2.1 DIMENSIONS OF CONTAINER

The capacity' of an Intze tank container can be expressed in terms of the volume
~of the of water is obtained by summation of water containing by cylindrical wall and
conical dome and subtracting the volume of bottom dome lies in conical region
V1=volume of water containing by cylindrical wall.
~ V2= volume of water containing by conical dome

V3= bottom dome lies in conical region -

Vi Gy emy - @.1)
O,,D I, D |

V2=§—— % (A2 % fr k(22 % 2.2
GO Oy ¢2)

* p 3

V3= Ry 535056 +Cos’6) (2.3)

V=V1+V2-V3 - | 2.4)

H=%*Tana

Let
., _ D,
b = D,
A=D
For a given capacity the diameter of container
24*p
D/’= (2.5)

3 3
”[612 +Tana(l—)bl3)_ % (2—32?:;5;+ Cos 0)]

Other dimensions



-Hi=4,*D:; =cylindrical héight of container containing water.
Free board=0.3 m . | . o

'_ H.w= H;+0.3= cylindrical height of container

Da-4, ’* Dy =staging .diameter

htd=% =Rise of top dome

hbd =%—2— =Rise of bottom dome

Hc=(H,-H3)= Height of conical dome

Dl
2Sin A
— D2

> 08ing

2.2 TOP DOME

Top dome subjected to live load and dead load. The dome is accessible only for
malntenance purposes and hence live load can be taken as 1 KN/m? as per

IS: 875- 1987 [19]. It i is supported by top ring beam and cylindrical dome The rise of
top dome (hy) is usually kept 0.2 times the diameter of container D,.
The Radius of top dome is given by

Dty |

ml = 2.6
L 2SinA | 2 @0
The maximum stress occurs at the edge of the dome. The membrane stresses in the dome
are
e
NOt= — W™ Ry N/m 2.7)
1+ CosA4
C o 1 :
Netd= —_ 'Wtd' * le * (COSA - m) N/m 3 (28)
‘Where .
Wii=(Dead load +live load) per unit area of dome
: D ‘
_ Tan' —1 — ; :
A 2R, —hy) 2.9)



The circumferential stress changes from compressive to tensile if Semi central angle of
‘dome exceeds 51.8 degree.

Hence it is desirable to keep Semi central angle less than 45 degree to avoid double
form of shuttering for the shell. The thickness of dome for maximum thrust criterion is
N¢ '

=— 7  mm : : (2.10)
1000%o,_ -

tid

~ Thickness of dome is primary controlled by practical consideration, since the stress is
-compressive nature and the thickness obtained from equation (2.10) is small. The
thickness normally provided is 80 mm. Dome is reinforced by nominal reinforcemeht of

0.3% mild steel and 0.24% tor steel in the form of square mesh.

2.3 TOP RING BEAM
Top ring beam provided to resist horizontal component of the meridional thrust
of top dome. The center line of the ring beam is aligned with center line of the top

dome. The hoop tension is given by

Ng, C *
T o= ,¢'d °;A D ke.... (2.11)
Area of tension reinforcement is given by
L 2

Ast;="%  em? ... ‘ (2.12)
o . ) _

St.

The top ring beam is also designed on no crack basis as to avoid possible corrosion of
the reinforcement and also to provide good stiffness to support the roof dome:
Thickness of top ring beam is primary controlled by consideration

» T, -
b, *t, +(m—1)* 4st,

Computed tensile stress (ot) = Oct  weeenene (2.13)

ost =Permissible stress in high yield strength deformed bar
Ot =Permissible stress in concrete on water face in direct tension



2.4 CYLINDRICAL WALL
For membrane aﬁalysis, the wall is assumed free to deform at both edges and
thus under a pure hoop tension. Minimum thickness for wall will be taken as 100mm.
The _effecté continuity on -wall; has been discussed in next chapter (3).
For dead load
~W1=Dead load of top ring beam
- =2500%t;*by | kg/m ...... (2.14)
Nx=(N @ g*sinA+W1)-Yc*t,*X,, ~kg/m PPRTRRE " (2.15)
Where ‘ | _
Nx= Load on cyiindrical wall due to its dead load per unit length
N6=0-
For water load
Nx=0
L Yw*D,, *X,

N6, . ... kg/m (2.16)

Where
Xw= vertical distance from top of wall
Area of tension reinforcement is given by

%
Né(avg.) Ax cm® ... . 2.17)

Astz=
g

st
Area of compression reinforcement is given by
Asc3=0.24% bysty tor steel.
Where .
‘Ax=zone length
bw=100 cm
The cylindrical wall is also designed on no crack basis. Thickness of cylindrical wall is

controlied by consideration

#*
Computed tensile stress (ot) = N6(ave.) " Ax < Ogt .

. b, *t, +(m—1)* 4st,



2.5 MIDDLE RING BEAM
The purpose of ring beam is to provide a horizontal suppért to conical wall. It is

provided wide enough so as function as a balcony for inspection purposes. The design
of ring beam is governed by hoop tension caused by horizontal component of meridovnial
thrust. | | '
The effects continuity on conical dome will studies in next chapter (3).
The total load on middle ring beam is
Let |
W1 =Dead load+Live load of top ring beam ....kg/m
W2 =Nx(at X\,=H,,) ....kg/m
W3 = dead load of middle ring beam.

= (2500*bpur*tmy) kg/m ........ ' - (2.18)
We = (W1+W2+W3)

Hoop tension in middle ring beam is given by

We *cota * D, -
Tmb =
. 5
Where

d is inclination of conical Dome with horizontal

kg, - (2.19)

Area of tension reinforcement is given by

Ast4a=i cm® ... | (2.20)
(o2 .

st

Thickness of middle ring beam is primary controlled by consideration
Tmb

b, *t,, +(m—-1)* Ast,,

Live load on the balcony can be taken as 1.5 KN/m? as per IS: 875-1987 [19].

Computed tensile stress (ot) = < Ot

Self weight and live load on the balcony ring beam

Woe=(2500% byt ¥t +1.50%tm)  kg/m ... 2.21)
1
Ne——— - (2.22)
o, :
1+
m* ocb
J=1-N/3

10



¢

’d=tmr"25'.? «esee MM

W, *b?mr
M,=—"22
o 2 , .
Area of tension reinforcement in redial direction. ‘
Astm—F_ em? | (2.23)
Where N

o =Permissible stress in high yield strength deformed bar »
Ocp=Permissible stress in concrete on water face in bending compression

2.6 CONICAL DOME
Conical dome support a uniform vertical wall at it top edge. If this dome is
assumed as consisting of individual slanting strips, then each strip will tend to rotate
outwards about it bottom edge. This will increase the circumference of the circle joining
at the top of these strips and each strip will separate out from each other. Since the strips
are joined to each other monolithically and can not separate, a hoop tension will created
 at the top of this dome. This hoop tension will exert a radical inward force at each strip
and will oppose it rotation outward. So that the moment about bottom edge of strip,
- causing rotation is zero. The resultant force must lie along the slant surface of strip. The
magnitude of radial for.c-_e created at top edge is so much that on combining with vertical
load the resultant lies along the meridian of conical dome. Thus the vertical load at top
edgé of the conical dome is supported bylit with the éreation of meridian thrust and hoop
‘tension. In the same way water préssure on the conical dome and its own weight acting at
any point give rise to hoop tension at each plane, whose inward reaction, together with
the water pressure and weight of dome, cause a resultant force which is meridoinal. There

is no moment and shear in conical dome.

11



- W11+W22+W33+W4

1

Fig 2.1: FORCES ON CONICAL DOME

VFor Dead load

Let -
W11= weight of W1
=W1*IT* Dtp, kg...... (2.24)
W22=weight of W2
= W2*T*D,, K@, ' (2.25)
W33¥ weight of W3 '
—W3*[T* Dy, kg...... | (2.26)
Lc=length of conical portion from origin of conical dome
= 2g§:a m ... @27

r=radius at any height Xé from top face conical dome where Xc<Hc

Dc,, . LcSina — Xc

= 2.28
: ( 2 LeSina _ , (2.28)
S=length measured from origin of conical dome in the direction of incline length
= [e—X¢ (2.29)
Sino

W4= weight of conical dome at distance” r “as shown in figure

12



D ' D ‘
= +r)J(Xcz+(—2””——r)2 Kg....... - (2.30)
_ W11+ W22+ W33 + W4

NSDL‘-— .
2% *r*Sina

N9D0=ciréumferential force in conical dome due to dead load. '

kg/m.:..... (2.31)

. ’ *
= Ye*te* Cosa(Le * Cotor — (%CL“E”-)) kg/m ... | (2.32)
. : 117104

For Water Load

- Hy=height of water above top of cone

Nsy=force along length of conical dome from top due to water.

H,*Lc*. Lc®*Sina. H, +LcSina)*S SZ*Sina)}

Nsw=._Y"w*Cota{(—.—b D )¢ P )+( 5 )= 3

' Kg/m...... (2.33)
NO= circumferential force in conical dome due to wafer
NOy=Yw(H, + LeSina — S * Sina)S * Cotx kg/m...... (2.34)
Area of tension reinforcement is given by
Asts=2Y e("‘;g JTAS o (2.35)

st
Area of compression reinforcement is given by
Ascs=0.24% bst. for tor steel. '

Where ‘ »

A S=zone length in conical dome

The éonical dome is also' designed on no crack basis. Thici(ness of conical dome is
‘controlle'd by consideration

NO(avg)* AS
b, *t, +(m—1)* Ast

<

Computed tensile stress (ot) = ot -

13



2.7 BOTTOM DOME

The bottom dome is of spherical shape and is subjected to the weight of water

_over it and self weight. It is supported by a bottom ring beam. The rise of top dome

(hpq) is usually kept 0.2 times the diameter of container D,. The Radius of top dome is
given by

The thickness normally provided is 80 mm. The maximum stress occurs at the edge of

m2

m...... ' (2.36)

the dome. The membrane stress resultants in the dome are obtained separately for dead

loadv and water.

For Dead Load

' W, *R

NOpp= — —d_—m2 kg/m ...... e 2.37
Dbd 1+ Cos@ & ( D

NOpp= — Wy, ¥R, * (Co_sﬂ - ke/m...... | (2.38)

1+ Cosﬂ)

For Water Load:
Hpﬁheight of water above the apex of bot_tom dome= (H;+Hc-hyq)

Yw*R_, [ H,+R R H, R
NOwpg=- m2 D___m2yik(cosf)? — (—22 *(cos@)}) ~—2 - 22| kg/m....(2.39
W= [( o )T (eost)” — (=¥ (c0sO)) ~— = - == | kg/m...(2.39)
NOwoi=- YW*Rma[H, + R, ,(1-cos@)]-Ngwss kg/m..... (2.40)

N®= N®ppg + NDwhg

"NO= NOppat+ NOwia

Thickness of dome is primary controlled by practical consideration, since the stress is
compressive nature and the thickness obtained from equation (2.10) is small, the
thickness normally provided is 100 mm.The dome is reinforced by nominal

reinforcement of 0.3% mild steel and 0.24% tor steel in the form of square mesh.

14



28 RELEVENT PARAMETER
2.8.1 Volume of concrete

(a) Top Dome

thczzﬂ *ta* R, *h,(2—3CosA+Cos® A)
, 3* (1-Cos4) ‘
, (b) Top Ring beam

Vu=27*R,, *b,, *1,
(c)Cyl.indrical Wall
Vew=2*7*H_ *R, *1,

(d) Middle Ring beam
V=2 7*R,, *b, *t  ....m’
-(¢)Conical Dome
Vg T*t, * Seca (

D1,

D2
3 cm + cm )

(f) Bottom Dome
_27*t,,*R,, *h,,(2—-3Cos6 + Cos*6)

Vbc
3*(1—CosB)

TotalvVolume of oncrete
V5= Vige +Vire+ Vewe Vimret Veaet Vie
2.8.2 Volume of reinforcement
(a) Top Dome
Vis=0.0048 Viq.
(b) Top Ring Beam"
Vus=n*D, *Ast,
(c) Conical Wall
Vews=z*D,,, * Ast; +0.0024*V_
(d) Middle Ring beam
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(2.41)

(2.42)

- (2.43)

(2.44)

(2.45)

(2.46)

(2.47)
(2.48)

(2.49)



V=7 * D, * Ast,, + Ast,, *b,, m’...... (2.50)
O] 'Conical Dome

Veas=0.0024*V,, + > 27 * . * dst, me...... 2.51)
Where -

i=no of zonal length in Hc

S Ast, = Ast,

(f) Vs=0.0048 Ve md.... (2.52)
Total Volume of reinforcement ‘ | ,
Vs= Vs +Vis+ Vewst Vr.nrs+ Vcds;}' Vbs ... ‘ : (2-53)

2.8.3 Cost of container

On the basis of the present prevailing rates of material the rates of various items are
given as under:

(1) Cement concrete of grade M25 in superstructure excluding Rs.2900 per cu.m
cost of centering and shuttering .

(2) Tor steel reinforcement including cutting,bending,placement Rs18000 per ton
and its wastage '

There for the cost of container =V¢*29000+78.5*18000*V's Rupees ...... (2.54)
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CHAPTER 3
CONTINUTY PROBLEM

3.1 GENRAL
" The pure membrane state of stress will exit so long as each shell is simply
supported at its edges,. that is, it is able to undergo resulting displacement without
’restréin, while the supports supply the necessary reaction to balance the meridionally |
forces. This however is ﬁot possible in practices and the edge displacement is actually
: res'trained., This give to raise secondary stresses in the form of edge moment and hoop
stresses. It will be seen that discontinuity would occur at juﬁction of different shells. |
There will, therefore éome into play additional joint reaction to maintain continuity. It
will be seen that the angle at corner of top dome ,cylindrical wall and corner of
cylindrical wall and conical dome tend to close resulting in sagging moment, while the
- angle at corner of conical dome and bottom ring beém tend to increase to hogging
moment. Also at the joint the edge of top dome and vertical wall are pulled outward,
resulfing in tensile hoop stresses, while the topA ring beam at that joint is pushed inward
and hoop. tension reduced. Similarly the middle; ring beam and edges Qf conicai dome at
jbint are pushed inward ~causing reduction of hoop tension while the vertical wall is
. pulled outwards with increased hoop tension. At joint of conical dome and bottom dome
.the conical dome is pushed inward, the bottom dome and bottom ring beam pulled
outward. This cause-a hoop compression in conical dome and cause of reduction of hoop
~compression in bottom ring beam and bottom dome.
~ The complete analysis of intze tank, consist two parts (a)v membrane analysis (b)
‘effect of continuity; The net stress are obtained by adding the stresses due to the above
_two cause. The stresses due to continuity are obtained by applying the principle 6f consist
deformation. the vertical displacement are always consistent at each joint as each shell is
free to.deform in this direction and consistency has only to be satisfied for horizontal and
angular displacement betwéen shell meeting at a joint. This will need of stiffness of each
shell at edge for horizontél and angular movements. The stiffness is given by Kel.kar V.S

and Sewell R.T,” Fundamental of the analysis and design of shell structures”
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3.2 CON TINUTY'CORRECTION
The forces due to continuity are obtained by applying equation of compatibility
Xi=Si*Ui+FERi ... : : 3.1
Where o '
i=symbol of Dome, ring beam, cyliridrical wall, conical_'shell
' FER=unbalance fixed- edge reaction acting on the members , corresponding to U; and
Uz, acting on different member. |
- Xland X2 are tﬁe redundant forces of members

For sleiﬁg Ul and U2 the governing equation is

Ssitysi2 ][y, - [TFER,

| R I . =0 ... - (3.2)
>s21 Ds22 | U, > FER, -
where » . .
FER;= «(S11%*d;¢+S12%dy) . : - (3.3)
FER,= ~(S21%d¢+S22*d5) ‘ (3.4)

- U= horizontal displacement of Joint ‘
U,= Angular rotation of Joint
. djo=horizontal displacement‘of member
dgo—Angular rotation of member
After obtammg U; Uz ,FER; and FER; of each member redundant forces Xland X5 of

each members obtained by governing equation

x1 - [ [|sll 512 -1 Ul FERI
E = ~ |+ ' - ‘ 3.5)
x2 | |s21 s22 U2 | | FER2 -

18



ASSUMPTION
(1) Radial thrust
Out ward positive

Inward negative

(2) Moment

Clock wise positive '
(looking at the meridian on the left hand
Side of the axis of revolution)

Anti clock wise negative

'3.2.1 Continuity correction 1: At joint of top dome, cylindrical wall and Top ring beam.

' STIFFNESS OF TOP DOME

E*t, E*t,
R;, *o;, *(sinA)® 2a1,2 *sinA
St= -
E*ty E*ty *Rx;xl‘
i 2¢,” *sinA 2a,,
Where
E=5000 /o,
12(1-v*)*R_ >
4o, = (d-v Z Rt
. tld _ ’
~ EAH =Ed,, = R, * Sind(NO,, —vN¢,;)

trd

Ey = Edy, = IN8," -Wg," 1+ CotA(l+¥)(N6,, -N4,, )

36)

(3.7)

- (3.8)

ttd

“Where

U= horizontal diflection
X = angle of rotation

I/V!d * le

N(I)td= - .
1+ CosA

(3.9)

(3.10)



NOg= — W, *R | Cosd———
o “ m][ o5 1+ CosA )

_n7ld *‘le *Sl}’lA

NO=
¢ (1+Cosd)?

N6 :
(1+CosA)?

Where

(6% indicate differentiation

- STIFFNESS OF CYLINDRICAL WALL

[ E*t,  -E*t,
R, *a, ’ 2a,,”
Suw= | ‘
-E*t, E*t *R,
| 2a,’ - 2’

EAH =Ed,= H*R,’
. K 3

2* _wa
(E) 1w

Ey=Ed,= —H*R]
: —

2* _wa

(E) 1w

- Where
+ _12(1-v*)*R 7
- -

w

de

1w

x4 3
T Ra—vy)

H=N®,;*CosA

20

t;jo; Wa™ R, * Sind* (2+2CosA + CosA?) |

(3.11)
(3.12)

.(3.13)

(3.14)

(3.15)

(3.16)

(3.17) |
(3.18)

(3.19)



STIFFNESS OF TOP RING BEAM

[E*A
2gt 0
le . .
S | | . (3.20)
' 2
. For top ring beam
2 : ' '
EAH = Edy, = Ty ZR,M . . , @321

g i
 Ey=Ed,=0

After getting djp and dgo

Xiand X redundant forces of members obtained by governing equation (3.5)

3.2.2 Continuity correction 2: At joint of cylindrical wall, middle ring beam, c¢onical
- ‘dome. ’ ’

" For solving- continuity effect conical dome is treated as spherical dome whose

equivalent radius is obtained by

Equivalent radius at top of cone (a;)=——2"— m...... - (3.22)
, 2*Sina
. . . . D,
'Equivalent radius at bottom of cone (a;)= —="— m...... (3.23)
» 2* Sina

STIFFNESS OF CONICAL DOME

E*tc E*tc:

Sa1=

a, *a,_*(sina)’
E*tc
. 2 .
2a,, *sina

2 [
2, *sine

E*tc*a,

3
2a,,

21
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Where

" . —vy2Yy%g4 2.
40’1c4=12(1 V2) .al

tc

For imaginary conical dome

For Dead Load
W, *a
N®p =— —4__1 kg/m ......
bt 1+ Cosax &
, _ i
| Ne[)c1=— W/cd * a, * (Cosa —m) kg/m ......
_ * 4 % Q5
N®py %= W, *a Stzna
(1+Cosa)
o W, *a, *Sina* (2 +2Cosa +Cosa®)
NeDcl = . 2 .
(1+Cosx)
Where
-Weq is dead load of imaginary conical dome
For Water Load

From definite integral approach
[N¢ *pQ * Sinza]oa- = I (P.Cosa — PgSina)r1 *r2* Sina * do
; :

where

rl =r2£a1

P®=0

Pr= — &, *H, +Y,*a,(1-Cosa))y=—(Y, * all(% +1-Cosa))
. 1

- and o is dummy variable. Then we get

' -Y, *a’| H,
NDye1=- v 711 Z2%(1-Cos2a)+
wet ,: Sin’ca |:4a1 ( ) 12

R .
Néwei= — Y, *a,’ (—%+1—-Cosa)— Ng,,,

a

22

4Cos®e —3Cos2a — 1:”

- (3.25)

(3.26)

- (327)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)



Ng,.° =

wel

Y *g2
Y *a

Siooi | 6Sin2a * Sin’a — 12CosaSin’ e — Sin2a +1.5Sin4a — 4sin 2aCos’a
- - ' 12 | |
(3.3%)
NBuct’= - Y, *a,Sine: = N, | ' (3.35)
N®c;= N@pei+ NDyc;
N®c,’= NOpe; + Ny
NOc1=NOpc1+ NOwe1 .
NOc1°=NBpe1®+ NOyc1°
EAH = Ed,, = & *Sina(N6,, —v*Ng,)) (3.36)
o tc )
| Ey = Edy = [N6,’ -WNg,," ]+ Cota(1+v)(N8, -Ng, ) (3.37)
: - tc
STIFFNESS OF MIDDLE RING BEAM
— E * A  —
R . | |
A Smr= ‘ . (3-38)
*
0 E I,;
L Rom™
For middle ring beam
- EAH = Ed, = T,y * R, | | (3.39)

A

tem

Ey=Edy =0

After getting dip and dzo

X,and X, redundant forces of members obtained by governing equation (3.5)
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. 3.2.3 Continuity correction 3: at joint of conical doine, bottom Dome, Bottom ring
beam. '

STIFFNESS OF CONICAL DOME

E*tc - ‘ E*tc ]
a, *a, *(sin@)® 2a,’*sina
~ Scp= ‘ | : © (3.40)
"E*tc . E*tc*a,
i 20,,% *sina . 2a,,’ J
Wher_e
. —v?)*a 2
4o, = 12d Vz) = (3.41)
tc
For Dead load
NOpep=— et "% Ke/m ......... (3.42)
. 1+Cosa . _ :
NOpez=— W, *a, *| Cosar———— kg/m....... 3.43
Dc2 d Qo ( 0. ¢ 1+Cosa) | g - ( )
’ _ * * Q5
NDp’= Wea "2 Slzna (3.44)
- (+Cosa) _
—~W,, *a, *Sina * (2Cosa + Cosa® '
Nope'=—ea “ 4 " Sina* 2Cosa 4 Cosa) (3.45)
. 1+ Cos) _ ‘
For Water Load

From definite integi‘al approach
A [N¢ *p2k Sinza](,bf = J(P,Cosa — PgSinayrl* ¥2% Sina * dax

where .

-111=r2=éz

P®=0

(H,+H,)

2.

Pr= —(¥, *(H, + H.)+ Y, *a,(1—Cosa)) = (¥, *a,( +1-Cosa))  (3.46)
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and d is dummy variable. Then we get

-Nq)wczrf‘ l:

' 2

—Yw*a22 -(Hw +Hc)

N¢Wq20 =,

L Yw' *g.2 : . ,
| —gim® | 6Sin2a * Sin’a —12Cos*aSin’ e — Sin2a +1.5Sin4e — 4sin 2aCos’a

NBue2’= - Y, *a,’Sina — Ng, _°

Sin‘a |

4a,

(1-Cos2a) +

((H, ;HC)

+1—Cosa} —-Ng,. .,

4Cos’a — 3Cos2a -1
' 12 :

|

(3.47)

(3.48)

wel

N®o=NOpert+ NQyucz
N® = N pe®+ Ny’ -
- NBg2=NBpca+ Ny

- NB2"=NBpc2®+ NOuyc2"

EAH = Ed,, = a,* Sina(

Ey = Ed,, = [N6,,’

12

Ngcz - VN¢¢:2)

tc

-WNg,," ]+ Cota(1+v)(NE,, -Ng,, )

tc

STIFFNESS OF BOTTOM RING BEAM

FE*Agb.

For bottom ring beam

25

(3.49)
(3.50)

(3.51)

(3.52)

(3.53)



EAH = Edy = W0u* Cos6 —N, *Cosa)* Ry,

e - (3.54)
Ay
Ey=Ed, =0 |
'STIFFNESS OF BOTTOM DOME
. R, *a,, *(sinA)’ 2a,,” *sinA o | |
" Spa= | : _ (3.55)
' E*t, . E*t, *R_, ‘
i 2¢,,” *sinA 2q, b3 |
o _y2y* 2
_ 40%4 _ 12(1-v )2 Rm%
. tbc{
For Dead Load
' - W,,*R A : :
NOp,= — —4—m2 ke/m ........... ' 2.37
pod 1+Cos@ g - ( )
1 .
NOppg= — W, *R__* Cos@ — ——— ke/m....... 2.38
Dbd bd  Nm2 [ 1+ Cosﬁ) g ( )

. For Water Load:
Hp=height of water above the apex of bottom dome= (H;+Hc-hpq)

Yw*R [ H, +R R H, R |
NO == L2 D~ m2y¥(cosf)? — (—2*(cosf)’) - —L2 22| kg/m....(2.39
Whi= ) [( Y ) *(cos®) (3. (cos6)”) 2 6} g (2.39)
NOwse= - YW Raa?[H,, + R ,(1—~cos#)]-Ngwes ke/m..... - (2.40)
o — * % : '
N®pyo’= W Ry * SinG | | | -(3.56)

(1+Cos8)®

o W, *R,, *Sin@*(2+2Cos0 + Cosd?)

NOpha’= 3.57
e (1+ Cos6)? (3-57)
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NOp=

Y,*R,, [_(EZLR.Z_)* Szn26’] [Rm2 * Cos26’ * Szn30]+ Szn26{ 2 " Cos’0 + h;" + Rus )V:l
- Sin@*
| (3.58)
N6upa’= —Yw*R,,” *Sin6 — NO,° (3.59)
Now | “ :
N@y= N®ppg + NOwpq -
N6pi= NOppa+ NOwsa
© N®y’= NOppa’ + NDywpd’
NOpa"= NOppa™+ NOwpa®
EAH =Ed,, = R * Sin@(NG,, —vN¢,,) (3;60)
| | tua |
Ey = Edyy = N0y’ - W4y, 1+ Coto(1+v)(NG,, - Ny ) G61)

L7
- After getting djo and djg

Xjand X» 'redund_ant forces of members obtained by governing equation (3.5)

3 3 EXCEL PROGRAM FOR CAPACITY OF 1000 KL
With the help of above equation a program in Microsoft excel has been developed
which shows complete demgn of container and staging in wind zone 2,4. As far as staging
is concern required parameter and equation mention in chapter (4). Excel program cover
the codal provision: related to design of water storage tank. With the help of excel
_program we can predict where is section safe or not, quantity of reinforcement in

container and staging as well as spacing of reinforcement.
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- CHAPTER 4
ANALYSIS AND DESIGN OF STAG ING

4.1 INTRODUCTION ,

_ | The design of container is described in chapter (2). A framework of vertical
' circular columns connected by horizontal braces of rectangular cross section having ring
beam at top has been proposed for the staging. The analysis for horizontal forces has been

carried out by the tube analogy method-and the design is based on limit state method.

4.2 BOTTOM RING BEAM

' The bottom ring beam is considered as a:part of the staging because its design is
governed by the number of columns in the staging. The bottom ring beam is squ ected to
the total vertical load of the container and the water including self weight in'the vertical
direction. In addition it is also subjected to a radial force which is the difference of the

horizontal.components of the meridional thrust from the conical dome and bottom dome.

The bottom ring beam is analyzed as a beam curved in plan and continuous over
column supports. In this case, the center of gravity of load lie out side the line joining it
supports. This cause an over turmng of Vthe beam which can be prevented if bam fixed at
its ends or continuous over the supports. The design is based on the recommendation of

limit state methods per IS: 456-2000.the numbe; of column is fixed by angle o, so that
the edge b¢am is co@ected to the columh directiy.

4.2.1 Design Forces: |

Bending moment in bottorﬁ ring beam at a;ny point

Mer=W,, v*Rbmz(ab sing, + «, cota, cos@b —1) | kgm.... _ “4.1)
Torsion moment in bottom ring beam at any angle 6, |

Te§= W, *R,,* (e, — 6, —a, cosb, + a.,,'cot @, sins6,) kgm.... . “4.2)

Where Wi is load per unit length in bottom ring beam which is obtained by governing

equation
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W, =Ng,,sin@+ Nssina kg/m.... 7 - 43)

"Hoop comj)ression in bottom ring 5eam
W = N@g,,Cos6 +Nséosa kg/m . o (4.4)
',9,, =aﬁg]e (radian) at the ;:enter that a section make from left support |
-, =semi central angle subtended b}; supports at the- centéf.

Anglev'between the center of column support and the point of maximum torsion

0, =a, —Cos™ (%J ......... . | | (4.5)
(a) N longitudinal reinforcement

‘The code IS 456:2000[17] recommended a simplified skew- bending based formulation
- for design of longitudinal reinforcement to resist torsion combined with flexure in beam
‘with rectangular cross section. The torsion moment Tu is converted into an effective

bending moment M, defend as follow

T+

Mt=—— 2% " kom : B 4.6
1.7 g | ) . 40

So calculated Mt, is combmed with actual bending moment M, at the section, to glve

equlvalent bendmg moment Me1 and Mg,
Me=Mi+M, _ - RCY))
Me,=Mi-M, . S ' 4. 8)
The longltudmal reinforcement area Asty, is demgn to resist the equivalent
moment Me,,and reinforcement is to be located in the flexural tension zone .In
addition if Me,>0, then- reinforcement area Astyp1o is to be designed to resist this

equivalent moment, and this reinforcement is to be located in the flexural

compression zone: It follow from the above that in the limiting case of pure tension
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i.e My=0 equal to longitudi_nal reinforcement is required at top and bottom of
rectangular beam, each capable.of resisting an equivalent bending moment equal to
M. '

- The longitudinal reinforcement should not less than.0.85 byyti/fy
(b) Transverse reinforcement

Vertical shear force at any angle 8y

VOy=W,, * Ry, (@, ~6,) kem (4.9)
Equivalent shear '
Vu+1.6 g“ :
y=—0 N/mm? ... (4.10)
. brbtrb ‘

If tye exceed T, max the section has to be suitably redesign by in creasing the cross

sectional area (especially width) and /or improving grade of concrete
3 Spacing of Shear reinforcement at support section V'
(Dwhen 0.5T¢ <tye < T

_ 087 4

Svrv = ....mm 4.11
T 0.4, | : @10

(ii) when t; <tye < T, max

8 * '
SmFM veemm (4.12)

(Tve - Tc )brb
Where 1. is obtained from Table 19 of IS: 456

The shear reinforcement at the point of maximum torsion

) _ ) Turb +: Vurb Svrb . mmz ........ L (4. 13)
bd (0.87f,)- 2.5d,(0.87f,)

(Tve - Tc )brb * Svrb .
0.87

But total transverse reinforcement shall not be less than

- Where Ay is the total area of two legs of the stirrup’s is the center to center to

spacing of stirrup; bl and d1 are the center to. center distance between the corner bars
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along the width and depth respectively; and T, and V, are the factored twisting moment

and fatct'ored shear force acting at the section of consideration.

_ Specific 4' meximum-' limits to spacing S, of the stirrups provide as tensional
'reinforcement, to control crack widths and to control the fall in tensional stiffness on
account of tensional cracks, should not exceed x; or (x;+y;)/4 or 300mm where x; ahd v
are respectively ,the short and long center to center dimensions of the rectangular closed

stirrup.
4.3. COLUMNS

The columns are to be desi%ned for vertical loads due to the weight of the -
container, the weight of water and the self weight as well as horizontal forces due to
wind. Generally the columns provided have the same cross-sectional area and are placed

. symmetricaliy. Therefore the vertical loads are shared equally by all the columns.

The Iateral forces induce bendlng moments shear forces and axial forces in the

columns The magmtude of these reactions depends upon the condition of the end-fixidity

of the columns at the top and bottom. ThlS problem 1s statlcally mdetermmate and

mvolves the analy51s of the tower as a space frame.

The analysis for hornzontal loads is done by the tube analogy method. In 'this
‘method the tower is assumed to behave. as a cantilever under the action of horizontal
forces with the neutral axis pessing through the bending axis of the tower. The columns
- which are built rnonohthlcally with the container base at the top, braces in the middle and
the foundatlon at the bottom are considered mﬁmtely rigid and therefore, the rotation of
columns at these points is considered to be zero. If the bending moment and shear forces
- due to the lateral loads on the tower are calculated on this equivalent vertical cantilever
beam at the horizontal sections passing through points of inflexion, then the bend;ing
stresses in the equivelent vertical cantilever heam will give the vertical forces in the
columns and the shear stresses in the cantilever beam will give the horizontal shear force _

:i'n the columns at their points of inflexion. The detailed formulation has been explained

by Jai Krishna and Jain[11] ,

31



4.3.1 Diméﬁsions:
The columns are normally designed as short columns and the minimum number of panels

in the staging is given by

H
Np=.1 *SDC 4.14)
Np is rounded off to the ngarest'higher number to get whole number
There-for the number of braces is given by |
Nb=Np-1 | R . (4.15)
and clear panel heighf 1s obtained from |
Ho=Hs-Nb*y.  m.... » - (4.16)
The cenfer to center panel height of the column is given by
Heo=HorHor © m....... ' 4.1 7)
The effective length of fhe brace is 6btainéd from |
Lo=P2 ¥ D)7y '  (4.18)

Nc . _

And clear length of brace
Lby=Lse-Ds m...... I (4.19)

4.3.2 - Wind Loads:

The baéic wind pressure is taken as per provision of IS: 875(Part-3)-1987[20] for place
where the structure is suited. The wind load on the container and staging is computed as
follow:;"

The wind force on container member is given by

Wr cylinger=cf cyljnder*Pd cylinder* A€ cylinder : kg..... ( 4.20)

Ws con_e=Cf cone *Pd cone * A€ cone - kg..... (421
W bottom ring beam =Cf bottom ring beam *Pd bottom ring beam * A€ pottom ring beam kg... (4.23)

Resultant force on container
Wien= Wt cylinder*ch+ Wr cone*Het Webottom ring beam™ trb kg...... (4.24)

32



‘This force actingv at the Zs distance. from bottom dome portion -

The Wind force on column of each panel is

 WE=cf*Pd*(0.5Nc+DHy *De kg ... | o (4.25) -
Windn load on braces of each panel are ’ | ‘ |
 Wacfyu*Pd*(D+2D) Kg...... o - (4.26)
There for the maximum panel shear at the mid helght of first panel from ground level is
Sp—ch,,+(Np-O S)ch+(Np DWf: Kg...... @4.27) -
and the panel moment at the mid height of the above panel : .
Mp— '

o W, {25 +(Np - DH,, +05H,, }+ 0.5Wfe{0.25H , + (Np — DH, } + {07, +WF,, )O.5Np> _Np+0.5

" 4.3.3 Forces on Columns:
(a) The gravity forces on each column of the lowest panel is given by

We =A-.ZVL#-.+2500(<15, *b, +IID **H, )*Nb . Kgm...... (4.29)

Ne
(b)Horlzontal forces

Max1mum thrust on leeward column of the lowest panel lying farthest from the bending

axis

C 4M | S » |
Te= L. Kg... | . (4.30)
N, *(D,+D,) . :

A Maximum bending moment on the column of lowest lying on the bending axis

H, *Sp

- Mc=
' Ne

‘Kgm...... o | “31).
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4.3.4 Reinforcement in columns
(a) Longitudihal Reinforcement

Each column of the staging is to be designed for the maximum thrust and the
combined effect of thrust and moment . The reinforcement is calculated by using design
~ chart (for uniaxial eccentric compression)in SP:16 .In circular column at least six bars are.

* required and they are equally placed |
(b) Transverse Reinforcement:
- ‘The pitch and diameter of the lateral ties or helical reinforcement is kept as per
clause 26.5.3.2 of IS: 456_2000 [17]. The minimum diameter should be 6mm.
44 BRACES -

Bending momént_in a brace is developed at the junction due to shear force acting
at the mid height of columns. The bending moment has to be resisted by the two braces
meeting at the junction. The bending moment in the brace about the vertical axis of its
section is almost zero and even the twisting moment is negligible. Thus the brace bear the

* joint moment inostly by developing bending moment about the horizontal axis of its

section. These moments in the brace can easily be calculated by considering the statically

equilibrium of moments at the joint.
4.4.1 Wind Forces on Braces:

Moment in the lowest brace rigidly connected to the column making an angle 6c with the

bending axis of tower is given by

_2Sp*H_*Cos’6c * Sin(Be + a,)

M . Kgm...... .(4.32
o N, *Sin2a, £ (+32)
For maximum moment in the brace
- 3T +/((3T 248
Tan®, = —>1an% +(BTana,)” +3) (4.33)

4

Shear force in the lowest brace lying between the column making angles (¢ — ¢, ) and

@c with the bending axis of the tower.
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25,%H, (. , . '
Vir= m{cos 0.Sin(6, +2,)~ Cos’(. 2a,,)Sm(9 “3a,)}  kg....(434)

For maximum values of shear force 6,=c, l.e. wind blowing parallel to the brace. Hence

-maximum shear force

4S, * H,, *Cos*6, ~
Viu(Max)= No kg... o : (4.35)

Twisting moment (Tup)=5% My (Max)
~ Equivalent shear |
Vu,, +1.6-22

7, =- O N/mm?.... . (436)
bbrtbr . s .

I.f'c:ve exceed Tcmax the section has to be suitably redesign by in creasing the cross

sectional area (espeéially width) and /or ifnproving grade of concrete
'4.4.2 Reinforcement in bracing

- (@)The longitudinai reinforcement area Astyy, is design to resist moment My, and
reinforcement is to be located in the flexural tension zone. The moment in braces may be
positive or negative according to the direction of wind .hence the brace must be
reinforced equaliy_ at top and bottom. The longitudinal réinforcemént should not less than

0.85 by ti/fy
(b)Spacing of Shear reinforcement at support section
(i) When 0.57¢ <tye <7 -

* ) .
5,02 08T * s, N (4.37)
, 0.4b,, | |

(i) when Tc <Tye < T¢ max

. - . * ) . '
var= 0'87fy ASv . mm= } . (4.38)

(Tve - Tc)bbr .

Where 7. is obtained from Table 19 of IS: 456-2000[17]

The shear reinforcement at the point of maximum torsion
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4, =— Dt Vit 5 mm? L. (4.39)
" b,d,(0.87f,)  2.5d,(0.87f,) |

(Tve _w)bbr *Sv;r
0.87f

But total transverse reinforcement shall not be less than

Where Asv, is the total area of two legs of the stirrups is the center to center to spacing of
stirrup; b1 and d1 are the center to center distance between the corner bars along the
width and depth respectively; and T, and V, are the factored twisting moment and

factored shear force écting at the section of consideration.

Specific maximum limits to spacing S, of the stirrups provide as tensional reinforcement,
to control crack widths and to control the fall in tensional stiffness on account of -
tensional cracks, should not exceed X1 or (X1+y1)/4 or 300mm where x; and y; are

. respectively ,the short and long center to center dimensions of the rectangular closed*‘
stirrup. '

4.5 RELEVENT PARAMETER

4.5.1 Volume of concrete

VcoL=—1:-Dsz * Ne m ... (4.40)
V= Né * Nb * Lbr * Bbr * dbr m .. (4.41)
Vo=T1*D,  *t, *brb m ... » (4.42)
Vesiaging= Vol + Vior + Vb m ... . (443)

4.5_.2 Volume of steel

' (é)Bottomﬁng beam -

Vs w=T1D,,, (Ast,,,, + Ast,,,) , m’.... (4.44)

Vs .= Ne(b,, +t, -0.25)*Asv> 6, * D, - S’ | (4.45)

V= VS L + VS 1ot | m’... (4.46)

(b)Column.

Vsq=Nc*Hs*Asc 4 : m.... (4.47)
 Id,? H . ‘

Vo= ‘(-S—S)*I'I*Dc | | ... . (4.48)

T trv
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Vsc= Vs + Vsee o . mi.... (4.49)

(c)Braces . :

Vspr=Lor* Asty*Nc*Nb*2 m’.... | (4.50y
'Vsbit=.. Ly, *2(b,, + tb; —0.25) * Asv,, ' . m’.... 4:51)
Vir L : . : :

Vsi= Vot + Vst 3 m’.... (4.52)
Vst= Vs + Vsc+ Vs, . S md.... (453)

| 4.5.3 Cost of staging

On the bas1s of the present prevailing rates of material the rates of various items are
given as under:

- (3) Cement concrete of grade M25 in superstructure excludmg _ Rs.2900 per cu.m
~ cost of centering and shuttering
(4) Tor steel reinforcement including cuttlng,bendmg,placement - Rs18000 per ton

. and its wastage : :
There for the cost of staging =VCsaging*29000+78.5%18000*Vst  Rupees ...... '
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CHAPTER 5
RESULTS

" 5,1 INTRODUCTION

 The alternative design of container and staging are obtained by using Excel

- program which is explain in chapter (3). The effect of various parameters on the cost of

container is studied and design for optimal parameter is given in the form of graph and
table.

5.2 CONTAINER

. The effect of follbwing parameters is studies by varying the parameter as per
table-1.1 )
(1)Staging-container diameter ratio A, (D2/Dy)

(2)Height diameter ratio, 4, (Hi/Dy)

(3)Horizontal angle of cone a

The result are tabulated in tables 5.1 to5.3 and graph plotted between cost of container
and above parameter are drawn for all six different capacities are shown in figure 5.1 to
5.3
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Table 5.1 Quantity of éoncrete, reinforcement and cost of container for different value
of 4 and 22=0.3 a=50°

Volume Volume :
- Volume | Cost of ' Volume |  Cost of
| Capacity A of Capacity of |
S : of steel | Container ' L of steel | Container
KL concrete . KL concrete
'3 (m) . in lac \ (m®) in lac
(m°) (m”)
05 - -
30.46 | 0.30671 | 0.4379844 133.9 | 12241 ] 1.783845
. 0:09 30.51 | 0.30499 | 0.4361554 131 | 125376 | 1.800267
300 | *° 30.59 | 030438 | 0.4356982 | 1000 127.9 | 1.25323 | 1.7995933
0.6 30.72 6.30053 ‘0.431‘6843 124.5 | 1.24948 | 1.7855015
o 30.91 | 0.32293 | 0.4577603 120.9 | 1.20677 | 1.726183
ore 3118 | 0.33468 | 0.4719532 116.9 | 1.18731 | 1.6924585
os 51.48 | 0.48885 | 0.7065876 194.9 | 1.76754 | 2.5803188 |-
058 50.97 | 0.50561 | 0.7241983 | 1901 | 1.71954 | 2.511553
500 oe 5043 | 050063 | 0727208 | 1250 184.8 | 1.70891 | 2.4841874
ves) 49.89 | 052192 | 07396584 179.1 | 1.70429 | 2.4623788
.0 7 49.33.| 0.52125 | 0.7372871 172.9 | . 1.6667 | 2.4015303
oo 48.78 | 0.49681 | 0.7078137 166.2 | 1.65495 | 2.3684856
e 87.74 | 0.86091 | '1.2358695 259.6 | 2.30934 | 3.385619
098 86.26 | 0.85358 | 1.2232238 2525 | 231486 | 3.3710966
750 e 84.67 | 0.84095 | 1.2042191 | 1500 244.7 | 2.26603 | '3.2927989
o8 82.97 | 0.83083 | 1.1877671 236.2 | 2.1935 | 3.1854981
o 8116 | 0.80458 | 1.1525728 226.9 | 2.15733 | 3.1174065
o7s 79.2_2' 0.79965 | 1.1413354  216.8 | 2.11148 | 3.0356828
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Table 5.2 Quantity of concrete, reinforcement and cost of container for different value '

of A2 and 4, =0.7 0=50°

Volume o Volume
Volume Costof | Volume Cost of
Capacity | 32 of . Capacity of ' -
: ‘ of steel Container of steel Container
(KL) conc;ete' : (KL) concrete ,
| s | @) (lac) ; (m’) (lac)
(m°) ‘ _ (m°)

02 | 32.811 0.3415 0.48447 1326871 | 1.2659 | - 1.82795

025 | 31699 | 03239 | 046117 125836 | 12022 | 173543

03 | 30008 | 03229 | 045777 120.8504 | 1.2068 1.72618

300 035 | 30330 0.3234 0.45668. 1000 121.8994 | 1.1827 1.70175

04 | 29899 0.313 0.44357 1243927 | 1.2105 1.7407

045 | 29576 | 03318 0.46401° 133.4116 | 1.2034 | 1.75876

05 | 29333 | 03233 | 045359 1410548 | 11964 | . 1.77294

02 | 53702 | 0519 0.74807 . 190.0523 | 1.6926 2.48073

025 | 51175 | 05138 0.73419 180.1343 | 1.6781 2.43548

03 | 49330 | 05213 | 073729 172.9295 | 1.6667 2.40153

500 035 | 47937 0.5157 0.72693 1250 173.1034 | 1.6682 2.40376
04 | 46860 | 05124 0.72003 181.1545 | 1.6003 2.35091

045 | 48782 | 04963 0.70727 191.3672 | 1.6533 2.43976

05 | 50048 | 05467 | 0.76839 200.0845 | 16839 | 2.49992

02 | 88739 | 08839 1.26495 250.5416 | 22733 3.31817

025 | 84350 | 08243 1.18427 236.8773 | 2.1869 3.18002

93 | g1157 | 08046 1.15257 226.9128 |- 21573 *| 3.11741

750 035 | 78755 | 08169 1.15968 1500 | 2367901 | 20798 3.05769
04 | 81008 | 0816 1.16548 2455014 | 21223 3.13137

045 | 9862 | 0.8083 1.15304 2532507 | 2.173 3.21162

05 | gg1s7 | 08778 1.25633 2665529 | 22271 3.31184
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Table 5.3 Quantity of éoricrete,_reinforcement and cost of container for different value -

of @ and A2=0.3 4, =0.7 -

106.6266 ‘

Volume _ : Volume
: : ‘ Volume | Cost of . Volume | Cost of
Capacity | ¢ .of Capacity of
, ‘ of steel | Container : : of steel | Container
- KL concrete KL, concrete '
,(m;) (m’) .in lgc : ' o) ' (m>) in lac
35 | 28.7400 | 0.355435 | 0.488545 93.17201 | 1.271578 | 1.719798
40 | 2920365 | 0.353300 | 0.487463 99.82198 | 1.238748 | 1.701656 |
300 | %5 |2088701 | 0337145 | 0471017 | 1000 | 108.6655 | 1190934 | 1.672864
50 | 30.90829 | 0.322026 | 0.457769 120.8504 | 1.206769 | 1.726183
55 | 32.47002 | 0.309947 | 0.447503 138.3493 | 1.255399 | 1.832368
60 | 34.94639 | 0.311486 | 0.456438 164.8083 | 1.299719 | 1.959623
35 | 41.00008 | 0.550561 | 0.749414 129:4937 | 1.752411 | 2.37328
0| 43.71413 | 0.535028 | 0.736703 139.9523 | 1.726115 | 2.373633
500 | *° |46.05342{ 0518818 | 0725008 | 1250 | 153.8313 | 1.684742 | 2.366717
°0 | 49.3304 | 0521253 | 0.737287 172.9295 | 1.666697 | 2.40153
55 | 54.00622 | 0.526566 | 0.757164 200.3463 | 1.676157 | 2.491823
80 | 61.36443 | 0.522186 | 0.773249 | 241.8319 | 1.796442 | 2.749256
35 . 65.26571 | 0.880233 | 1.192708 | 176.4983 | 2.231715 | 3.056001
40 | 69.05107 | 0.850311 | 1.169603 191.0081 | 2.169519 | 3.027437
750 | 45 | 74.12865 | 0.620228 | 1.150033 | 1500 |210.4978 |2.112708 | 3.018931
50 | 81.15752 | 0.804575 | 1.152573 226.9128 | 2.157333 | 3.117406
55 | 91.28529 | 0.820364 | 1.199943 275:693 | 2161142 | 3.263211
60 0.875638 | 1.307444 334.0363 | 2.325848 | 3.620172
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5.3 STAGING

Obtaining from optimum value of different parameter of container, the design of staging
is done by varying the values of basic parameter such as 'capacity of tank V, height of staging Hs
and various wind zones .for economical design we have varied no of columns, column diameter,
and minimum no of panels .the design is carried out by limit state approach. The result of cost of
staging ére tabulated in table 5.2 for six different capacities énd for three height of staging, 15m,
18m, 21m.The table 5.4 graphically presented f;oﬁ Fig 5.4 for staging height 15m. The curves

clearly indicate the effect of column in the cost of staging.
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‘Table 5.4 Quantity of concrete, reinforcement and cost of staging for different number of

ccolumn and height of staging, 15m, 18m, and 21m.The container has value of a=45° 22=0.3 and

A, =0.7

Height ‘No Volume Volume | Cost of | Ne Volume Volumé | Cost of
Capacity of - - Oof of Capacity Of of
' of steel | Container of steel | Container
KL staging column | concrete KL column | concrete
. . ) (m?) in lac . ' (ms) (m®) in lac
10 45.0 1.73 2.57 14 113.5 3.81 5.72
15 | 12 49.6 1.67 2.51 | ' 16 116.3 . 3.63 5.4
14 5429 | 1.69 2.55 ' 18 | 119.7 3.89 5.8
10 56.03 | .2.42 3.58 14 136.94 | 5.45° 8.09
300 18 12 61.54 | 2.59 3.85 1000 16 143.39 5.59 , 8.32
14 67.0 2.74 4.07 18 150.9 | 5.27 7.89
21 ' 10 68.63 | 3.31 4.89 14 151.94 7.23 10.66
12 67.26 3.46 5.08 16 159.31 7.54 11.12
14 | 73.77 3.72 5.47 18 168.85 8.05 - 11.87
12 | 65.50 228 | 3.42 20 135.9 '4.29 6.462
15 14 68.41 2.22 3.34 22 .| 1397 4.37 6.5817
16 72.06 2.42 3.63 24 1435 4.65 6.98
12 72.56 3.09 4.59 20 | 152.93 6.24 9.26
500 18 ‘14 . | 76.65 324 | 4.80 1250 22 158.4 5.95 8.88
16 81.48 | 3.39 5.03 24 168.54 6.41. 9.55
2i 12 86.89 4.27 6.28 20 169.89 8.63 12.69
14 94.94 463 6.81 22 177.0 8.73 12.85
16 9876 | 4.93 7.25 : 24 | 188.8 9.39 . 13.81
14 99.36 3.06 462 20 148.8 4.913; 7.37
15 16 102.9 2.87 4.36 22 1498 | 464 7.0031
18 111.38 | 3.15 4.77 24 15829 | 4.98 7.50
14 111.2 4.58 6.80 20 170.6 6.76 10.0
750 18 | 16 116.56 | 4.35 6.48 | 1500 22 168.53 6.59 ' 9.8
18 - 126.6 4,77 7.10 24 178.6 7.06 10.49
14 123.1 | 6.08 8.95 20 182.7 9.19 13.5
21 16 130.12 | 5.92 8.74 22 187.19 | " 9.18° 13.5
18. | 141.90 | 657 | = 9.7 24 198.9 9.85 14.5
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| CHAPTER 6
DISCUSSION AND CONCLUSION

6.1 DISCUSSION |

~ As the ratio A1 is increase from 0.5 to 0.75 the cost of container decreases. The
effect is more significant in when water storage capacity is more than 750 KL .For lower
value of Al the reduction‘ in capacity in conical portion of container which 'enhance the
container dimensions and hence the cost of container. The curve Fig 5.1 represents
variation of cost of container with value of A1. _ '

From the result of previous chapter we obtain, as we increase in height —diameter
ratio it reduce the cost of top ring beam and bottom dome. But over all cost of container
increases due to increasing the cost of cylindrical wall effectively which is shown in
- Fig 5.2. The cost of container increases rapidly when A2 value increases from 0.35. For
0.3 to. 0.35 the curves for all capacity are nearly a straight line which has very less
increment in slope but beyond this slop increases significantly. '

Keepmg other parameter constant and varying the value of o from 35° to 600 itis
observed that the value of cost of container decreases when o less than 45°As the o
increased from 45°, an added capaéity is created in conical portion of container which
.decreases the dimension of cylindrical wall but over all cost of container increase. The
change of cost of container with o has been shown in Fig 5.3.

From figure 5.4 it is observed that cost of staging increases as the no of column

u

P~ .For
O-ch Dc

decreases to a curtain limit because significantly in crease the value of

safe design as well as economical it is observed that up to 500 KL capacity 12 to 14
column are economical. For capacities between 500 KL and 1000KL 16 column are
economical and beyond 1000KL up to 1500KL 20 to 22 are sufficient. -
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6.2 CONCLUSION .

The most economical combination of various parameter for the container are

~ given below

‘TABLE 6.1 Recommended proportion of container and staging.

Parameter | Optimum value of parameter of container capacity( KL)

| Capaciy 1300 4_ 500 750 [1000 1250 1500
A4,(D2/D1) [05t00.6 [0.6t00.7 [0.7t00.75]|00.7t00.75 |0.7t0 0.75 [ 0.7 to 0.75
A, (H1/D1) 103035031035 | 03t0035 |03 t00.35 1 0.35t00.4 [ 0.3 t0 035
Angle(a) | 40%to 45° | 40%to 45° 40" 1045 | 401045 | 40°t0 45° |40t 457
No(column) | 14 14 6 |6 20 22

6.3 SCOPE OF FUTURE STUDY

(a) Excel program can - extend

foundation we can make, a

capacity of intze tank.

to design for foundation. After designing of

correct combination of parameter for different

(b) Forces obtained at different location in container and staging can be verified by

- software packages.
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